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显高表达的蛋白酶体 β1 亚基。为了进一步阐明 β1 亚基在细胞内的功能，我们
建立了四种 HeLa 稳转细胞系，分别稳定表达红色荧光蛋白（Rfp），β1-Rfp，
以及 158 位丝氨酸突变的 S158A β1-Rfp 以及 S158E β1-Rfp。随后我们的研
究证实，在细胞中过量表达 β1 亚基可以显著促进细胞的生长和迁移特性。通
过对不同肿瘤组织免疫组化结果分析，我们发现 β1 亚基在肿瘤组织中明显高




源的 p27Kip1蛋白水平，而 SiRNA 下调 β1 亚基表达水平之后 p27Kip1蛋白水平
出现上调。同时我们建立了一套体外蛋白降解体系，可以明显的观察到在弱酸
性环境下，β1 亚基自我剪切明显加强，同时其底物 p27Kip1降解加速。 
通过对 β1 亚基氨基端活性位点苏氨酸的突变，我们发现该活性位点对于
β1 亚基与 p27Kip1 的结合以及降解都非常重要。另外，我们也观察到 p27Kip1
上 139 位天冬氨酸的突变也会造成其与 β1 亚基结合能力的减弱。 
我们建立了体内的泛素化降解分析体系，结果表明 β1 对 p27Kip1的降解独
立于泛素化蛋白酶体通路。当细胞内的蛋白酶体通路受阻时，外源转染的 β1


















蛋白能够被 β1 降解。 
我们使用 Forskolin 以及 H-89 来激活或者抑制 PKA 通路的活性，再加上
特异的针对 PKA 底物的抗体以及丝氨酸磷酸化抗体，我们发现 PKA 通路对 β1
亚基存在重要的调控作用。通过构建 β1 S158 位点的突变质粒，我们发现保持
去磷酸化状态（S158A）可以明显增强 β1 对 p27Kip1的结合以及降解能力。综
合细胞增殖的实验结果，我们认为 PKA 对 β1 的磷酸化修饰可以减弱 β1 对
p27Kip1 的降解作用，从而起到负调控 β1 酶活的作用，而 β1 的去磷酸化状态
有助于其酶活性的发挥，可以促进细胞的增殖。通过外源转染 Myc 标签的 β1
以及 S158 位突变的 β1 蛋白，我们发现外源表达的 β1 或者 β1 S158E 可以参
与蛋白酶体的组装而当 S158 突变成丙氨酸之后减弱甚至丧失了其参与组装蛋





































The liver plays a central role in transforming and clearing chemicals and is 
susceptible to the toxicity from these agents. We used proteomics-based 
approach to examine differences in proteasomal pattern in mice liver derived 
from DEN treated mice groups and normal control groups. Using 2-DE and 
MALDITOF MS/MS, we found that, compared with the control group, 21 
spots were successfully identified as the proteasomal subunits and 37 spots 
were identified as the proteasome-associated protein. Some of the proteins 
were confirmed by Western blot, RT-PCR and immunohistochemistry 
analysis. We found that β1 subunit is up-regulated obviously in the 
DEN-treated group.  
To understand whether β1 is a potential onco-protein that promotes cell 
proliferation and migration, we established two stably transfected HeLa cell 
lines expressing the red fluorescent protein (Rfp) or β1 tagged with Rfp 
(β1-Rfp), respectively. We found that cells expressing exogenous β1 grow 
three-time faster than cells expressing only Rfp. Moreover, over-expression 
of exogenous β1 significantly affects its ability of colony formation, a hallmark 
of the transformation phenotype. 
We observed that β1 locates in both the cytoplasm and the nucleus and its 
expression is obviously up-regulated in all the tumor tissues from fourteen 
patients such as hepatocellular carcinoma (HCC) and esophageal cancer 
comparing to their adjacent non-affected cells. Meanwhile, we detected the 
expression of proteasomal subunit Rpt3 and α7 in both human normal and 
tumor tissues and noticed that these two subunits were not up-regulated. We 
then examined the expression of β1 subunit in different ovarian cancer cell 
lines and most of the cell lines had shown a higher expression level of β1 


















We next tested possible interactions between β1 and p27Kip1 by 
approaches of the immunoprecipitation and the GST-pull down. We 
concluded that β1 interacts with p27Kip1 directly and this association is 
independent of ubiquitination. 
We then tested whether overexpression of exogenous β1 in cells could 
reduce the amount of endogenous p27Kip1. The protein level of p27Kip1 in cells 
expressing β1-Rfp was obviously lower than that of cells expressing Rfp only 
and the proteasomal α7 subunit had no obvious change when β1 was 
overexpressed in the stable cell lines. We also found that the amount of 
p27Kip1 in cells expressing β1 shRNAs was higher than that expressing the 
control shRNA. To test whether β1 alone can degrade p27Kip1, we set up an 
in vitro degradation assay system. It was obvious that the amount of p27Kip1 
was dramatically decreased with time as β1 started to self-cleave. We used a 
purified His6-tagged p53 protein as control and its amount showed no 
obvious change.  
To identify whether the N-terminal threonines of β1 are indispensable to its 
activity in direct degradation of p27Kip1, we mutated two threonines into 
alanines in the N-terminal of β1 (T35A/T36A) at the same time. We found 
that the active sites in β1 are essential for both the binding and the 
degradation for p27Kip1. 
Then we report a non ubiquitin–proteasome degradation pathway of 
p27Kip1 by β1 subunit and this process is regulated by phosphorylation of β1 
subunit at its S158. Interestingly, the phosphorylation of β1 may have a role 
in proteasomal assembly as well. Therefore, we propose here a novel 
mechanism governing different functions of β1 subunit in non-ubiquitylated 
p27Kip1 degradation and in proteasomal assembly, which is regulated by the 
PKA signaling pathway.  
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Fig 1 HE staining of the liver tissures from the modified group. 
(上图×100、下图×400) 示肝硬化肝细胞性肝癌:肝正常小叶结构消失,假小叶形成,纤维组织增生,肿瘤细胞异型性明
显,呈梁索状排列,间质血窦丰富,可见大片坏死。 


































图 2 从不同来源的组织样品中分析蛋白复合体的变化 
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